Abstract In this study, an attempt has been made to develop inventory of greenhouse gas (GHG) emissions for Pakistan at the national and sectoral level. The emission profile includes carbon dioxide (CO 2 ), methane (CH 4 ), and nitrous oxide (N 2 O). In 2012, GHG emissions from different sectors of economy are estimated at 367 Tg CO 2 eq. Out of this, CO 2 emissions were 179 Tg; CH 4 emissions were 107 Tg CO 2 eq; and N 2 O emissions were 81 Tg CO 2 eq. Energy and agriculture sectors contribute approximately 89% of national GHG emissions. Industrial processes, waste, and land use change and forestry (LUCF) sectors contribute the remaining 11% GHG emissions. A comparison with the 1994 GHG emission inventory of Pakistan shows that GHG emissions in Pakistan from 1994 to 2012 have increased at an annual growth rate of 4.1% and yet anticipated to increase further for meeting the national developmental goals; however, the per capita emissions in Pakistan will remain low when compared with the global average.
Introduction
Global climate change is a major issue confronting policymakers worldwide. The underlying cause is the increasing concentration of carbon dioxide (CO 2 ) and other non-CO 2 greenhouse gases (CH 4 , N 2 O, HFC, PFCs, and SF 6 ) in the atmosphere due to ever increasing use of fossil fuels since the advent of the industrial revolution in the eighteenth century and increased agricultural activities associated with the growing world population (Seinfeld and Pandis 2006) . In 2011, the atmospheric concentration of CO 2 exceeded its pre-industrial level by about 40% (Tian et al. 2016) . Since global warming is the main driver of climate change, the United Nations Framework Convention on Climate Change (UNFCCC) is striving hard for not allowing the global average temperature to rise beyond 2°C above the pre-industrial level in order to prevent unmanageable adverse impacts of climate change. In this regard, Kyoto Protocol, with binding commitments by industrialized countries to reduce their greenhouse gas (GHG) emissions, was signed in 1997 and came into force in 2005. During the first commitment period (2008) (2009) (2010) (2011) (2012) , 37 industrialized countries and the European Community committed to reduce GHG emissions to an average of 5% against 1990 levels. However, these targets were not satisfactorily achieved (Grunewald and Martinez-Zarzoso 2016; Aichele and Felbermayr 2013) . Recently, the UNFCCC at its 21st Conference of Parties (COP-21), have yielded an international agreement (called the Paris Climate Agreement) vowing to hold warming well below 2°C, and attempting to limit it to 1.5°C (Rogelj et al. 2016) . Certainly, this is a step forward and the ambitious nature of the agreement is commendable but the actual work has yet to begin.
An essential element of the UNFCCC effort for stabilizing GHG concentrations and to prevent reaching unmanageable levels of climatic changes is to have a systematic record of the
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GHG emissions of countries so that their time trends may be properly monitored. As per Article 4 (paragraph 1a) and Article 12 (paragraph 1a) of the UNFCCC, it is required for all non-Annex I parties (primarily developing countries) to prepare and convey a national GHG emission inventory to the Conference of the Parties by following the guidelines described in Annex to decision 17/CP.8 (UN 1992) .
In order to contribute towards this objective, the Government of Pakistan (GoP) worked out its GHG emission inventory for the year 1994 covering various socio-economic sectors as per guidelines of Intergovernmental Panel on Climate Change (IPCC) and submitted it along with its Initial National Communication to UNFCCC in 2003 (UNFCCC 2003a . In this study, we assess the GHG emissions (including CO 2 , CH 4 , and N 2 O) as a result of anthropogenic activities from various sectors [energy, agriculture, industrial processes, waste, land use change and forestry (LUCF)] of the economy at national level for the year 2012. The estimates of the collective emissions of CO 2 , CH 4 , and N 2 O are expressed as carbon dioxide equivalent (CO 2 eq). For this purpose, the global warming potential (GWP) of CO 2 , CH 4, and N 2 O has been taken as 1, 21, and 310, based over a 100-year time horizon given in IPCC Second Assessment Report, in line with the guidelines contained in Annex to decision 17/CP.8 (UNFCCC 2003b) . This paper begins with outlining the methodology used to assess GHG emissions in the BMethodology, activity data, and emission factors^section. The BResults and discussion^sec-tion presents activity data used and results of sectoral distribution of GHG emissions by source. The BTrends of GHG emissions and mitigation flexibility^section analyze the development of GHG emissions in Pakistan as compared to the 1994 GHG inventory along with description of mitigation flexibility in various source sectors. This paper then concludes by highlighting some concerns and uncertainties associated with the development of GHG inventory for Pakistan (Conclusion and future perspective).
Methodology, activity data, and emission factors
The Revised 1996 IPCC Guidelines methodology along with UNFCCC non-Annex I National Greenhouse Gas Inventory Software, Version 1.3.2 has been used for estimating the GHG emissions from various sectors. In these estimates, tier-1 approach of Revised 1996 IPCC Guidelines has been used by taking into consideration the data availability and national circumstances in Pakistan. Tier 1 techniques are intended to be the least complex to utilize and require country-specific activity data and IPCC default emission factor values. In general, moving to higher tiers enhances the inventory's accuracy and lessens uncertainty, but in the meantime, the resources and complexity necessary for conducting such emission inventories also increases. Therefore, tiers 2 and 3 or combination of tiers are not followed at this time because of the unavailability of country-or region-defined emission factors data; absence of models and inventory measurement systems fitted to national conditions, repeated over time, and driven by high-resolution activity data and disaggregated at the subnational level. The main data sources used in this inventory are Pakistan Energy Year Book 2012, Agricultural Statistics of Pakistan 2012 and Pakistan Economic Survey 2014 (MoF 2014; HDIP 2013; MoNFSR 2012) .
The description of simplest methodology employed for the estimation of emission of a specific GHG from all source categories involves the multiplication of source category activity data with the corresponding emission factor. Furthermore, for assessing total GHG emissions, all individual source category emissions are summed as presented below:
Here, E GHG is the emissions of a given GHG (CO 2 , CH 4 , or N 2 O) from all its source categories, A is the activity data, i.e., the amount of individual source category utilized that generates emissions of the GHG under consideration, EF is the emission factor of a given gas by type of source category (emissions per unit of activity data utilized) (IPCC 1997) . Table 1 presents the sectoral classification for GHG emission inventories for all sectors. This study uses the default emission factors for estimating CO 2 emissions published in IPCC (1997) known as Revised 1996 IPCC Guidelines for national greenhouse gas inventories for categories and gases because country-specific factors are not available for Pakistan (Table S1 of 
Results and discussion
Activity data by sector Pakistan being located in South Asia is the sixth-most populous country with a population above 199 million people in 2015 (CIA 2016) . The gross domestic product (GDP) of Pakistan at purchasing power parity (PPP) was US$ 931 billion in 2015. The growth in real GDP has been estimated at (MoPDR 2015 . Though Pakistan is not anticipated to play a key role in global warming cause, but its emissions based on energy sector (mainly electricity generation, manufacturing, and transport sector) comes to be a main source of GHG emissions and air pollution (Mir et al. 2016; Purohit et al. 2013 ).
In energy sector of Pakistan, total fossil fuel consumption in 2012 was 47.96 Mtoe. Out of this, 14.19 Mtoe was consumed in the power sector for electricity generation, 13.26 Mtoe in the manufacturing industries, 10.06 Mtoe in the transport sector, 1.24 Mtoe in commercial/institutional sector, 6.46 Mtoe in household sector and 2.75 Mtoe in the agriculture sector (HDIP 2013; Pak-IEM 2011) . Detailed split by fuelsector is given in Fig. 1 .
Activity data for industrial processes is taken from Pakistan Economic Survey (MoF 2014) . This data includes production in mineral, chemical, and metal industries of Pakistan. Mineral industry includes production of limestone, cement, soda ash, and dolomite while chemical and metal industry includes production of ammonia, urea, iron, and steel. The total quantity of cement production in 2012 was 29.56 teragram (Tg) while of limestone, dolomite, and soda ash were 1.28, 0.17, and 0.37 Tg, respectively (MoF 2014). In 2012, the production of urea under chemical industry was 4.47 Tg while the amount of iron and steel produced under metal industry was 0.25 Tg (MoF 2014).
For agriculture sector, the activity data was mainly available from Pakistan Economic Survey and Agricultural Statistics of Pakistan (MoF 2014; MoNFSR 2012) . This data includes livestock population (dairy and non-dairy cattle, buffalo, sheep, goats, camels, horses, mules, asses, and poultry) in Pakistan in 2012 for estimating methane emissions from domestic livestock enteric fermentation and manure management. Likewise, annual crop production data of sugarcane, rice (paddy), and wheat was acquired for estimating methane emissions from field burning of agricultural crop residues (MoNFSR 2012). Furthermore, data on amount of nitrogen input to soil through synthetic fertilizer application, animal waste, and crop residue is assimilated for calculating nitrous oxide emissions from agricultural soils (MoNFSR 2012) .
Approximately 4% of the total land area of Pakistan is covered by forests, 5% of which is protected (Zaman et al. 2012) . For LUCF sector, the activity data is taken from Pakistan Economic Survey (MoF 2014), Food and Agriculture Organization of the United Nations (FAO 2013) , and Agricultural Statistics of Pakistan (MoNFSR 2012). The data mainly includes area of forest/biomass stock (conifers, riverian, scrub, irrigated plantation, and mangroves), nonirrigated area, inland water bodies, commercial harvest for estimating emissions from changes in forest and other woody biomass stocks.
Almost 20 Tg of solid waste is generated annually in Pakistan, with annual growth rate of about 2.4% (Lew 2016) . Activity data for the waste sector is taken from Kawai and Tasaki (2016) and Pakistan Economic Survey (MoF 2014). This data includes annual municipal solid waste (MSW) disposed to solid waste disposal sites for estimating methane emissions from solid waste disposal on land. Likewise, total urban plus rural population data and total industrial output (of fertilizer, sugar, vegetable ghee, 1 paper and textile) is also acquired from Pakistan Economic Survey (MoF 2014) for estimating methane emissions from domestic, commercial, and industrial waste water and sludge handling.
GHG emissions by sector
When the combustion of fossil fuels takes place, the carbon in the fuel oxidizes and emitted as CO 2 . Moreover, a little amount of carbon is also emitted as CO, CH 4 , and nonmethane hydrocarbons which are also ultimately oxidized to CO 2 in the atmosphere (IPCC 1997) . In 2012, the energy sector in Pakistan emitted approximately 165.13 Tg of CO 2 equivalent (Tg CO 2 eq) due to fossil fuel combustion in electricity generation, manufacturing industries (such as fertilizer, cement, iron, and steel), transport, residential (excluding biomass use in residential sector), commercial/institutional, agriculture/fisheries, plus fugitive emissions (from mining and extraction of coal, oil, and natural gas). Fugitive emissions from coal, oil, and natural gas activities are also considered in the energy sector. Out of this 149.73 Tg were emitted as CO 2 , 14.78 Tg CO 2 eq as CH 4 , and 0.62 Tg CO 2 eq as N 2 O as shown in Table 2 . Figure 2 presents the GHG emissions distribution by source categories from energy sector. Electricity/ power sector contribute 28.67% GHG emissions followed by manufacturing (22.93%), transport (22.69%), residential (9.71%), fugitive (8.00%), agriculture (5.16%), and commercial (2.85%).
Fuel combustion
Energy industries Energy industries primarily include the consumption of fossil fuels for electricity generation. In 2012, the total installed capacity of thermal power plants for electricity generation in Pakistan was 15,454 MW. Coal utilization was negligible (0.10% of the total fuel mix) for electricity generation whereas oil and natural gas constituted 29.00 and 35.20% of the fuel mix (HDIP 2013). Hydro and nuclear contributed the remaining 35.80%. The emission distribution by fossil fuel type is shown in Fig. 3 -left panel. Oil combustion for electricity contributed 61.22% emissions followed by natural gas (38.28%). Total GHG emissions from electricity generation in 2012 are estimated at 47.34 Tg CO 2 eq of which 99.80% is emitted as CO 2 (Fig. 3-right panel) .
Manufacturing industries All combustion activities supporting mainly the production of cement, brick, and fertilizer are included under manufacturing industries. It also contains emissions occurring during the production of coke used for steel manufacturing (HDIP 2013). It does not include evaporative emissions occurring at the refinery during refining of petroleum products; such emissions are described discretely under fugitive emission source category. In Pakistan, it is assessed that 59 billion fired bricks are yearly produced through various sorts of kilns, utilizing various types of fuels and fuel mix like indigenously produced lignite coal, rice husk, and other agricultural residues, rubber tires, plastics, and different industrial waste, which are ultimately producing highly toxic gases. It is assessed that brick kiln sector consume just about 40% of the total extraction/mining of around 4 Tg of locally produced coal, i.e., 1.6 Tg per annum (SAARC 2012). Pakistan's fertilizer production capacity is over 6 Tg per year, and the main fuel use for fertilizer production is natural gas. Total fertilizer production of all kinds (urea, super phosphate, ammonium nitrate, and nitrophosphate) in Pakistan in 2012 was 5.4 Tg (MoF 2016).
Pakistan's cement industry contributes considerably in the economy of the country. With 29 cement plants and an annual production of cement over 44 Tg, it contributes significantly Transport Transport sector is one of the major consumers of commercial energy in Pakistan. It accounted for about 21% of the total final commercial energy consumed (48 Mtoe) and 38% of the total petroleum products consumed (19 Mtoe) in the country in 2012. About 78% of fuel used in this sector is oil-mainly gasoline and diesel. Compressed natural gas (CNG) and electricity meets the remaining 22% requirements of the transport sector (HDIP 2013). All GHG emissions resulting from combustion of fossil fuel in road transport, aviation, railways, and navigation are included in the transport sector. It has been seen in Pakistan over the last two decades that demand for road transport services, holding share of 13% in Pakistan's GDP, has grown manifold (MoF 2012). In Pakistan, registered road vehicles have increased from 2.71 million in 1990 to 11.77 million in 2012 (Fig. 4) . Cars and two wheelers represent approximately 82% of the total road vehicles in Pakistan (MoF 2014). In 2012, total fossil fuel (such as petrol, diesel, fuel oil, kerosene, liquefied petroleum gas (LPG), and compressed natural gas (CNG)) consumption in the transport sector of Pakistan is estimated to be 10.06 Mtoe (HDIP 2013). Diesel covers 50% of total fuel consumed in the road transport sector, followed by gasoline (23%) and CNG (22%), respectively. The rest (5%) constitute of LPG, kerosene, and fuel oil (Fig. 5-left panel) .
In 2012, GHG emissions from transport sector are estimated at 37.46 Tg CO 2 eq, out of which 37.18 Tg emitted as CO 2 , 0.19 Tg CO 2 eq as CH 4 , and 0.09 Tg CO 2 eq as N 2 O ( Table 2 ). The road transport sector released approximately 34.44 Tg CO 2 eq, which is 92% of the total emissions from the transport sector. In comparison, the aviation sector just emitted 5% of the total CO 2 equivalent emissions. The rest of the emissions were produced by railways (2%) and navigation (1%) sectors (Fig. 5-right panel) . The international bunker fuels emissions (resulting from international marine and air transport) have also been assessed; however, these emissions are not considered in the national GHG totals as per IPCC guidelines (IPCC 1997).
Residential, commercial/institutional Residential sector consume energy mainly for lighting, cooking, heating, and household appliances. Natural gas and LPG are the key sources of cooking by urban households in Pakistan while for rural households in Pakistan, biomass fuels (crop residues, fuel wood, and animal dung) continue to be the dominant fuels consumed (Bhutto et al. 2011) . The consumption of electricity in residential sector of Pakistan is much higher, about 46% of the total electricity produced in the country (HDIP 2013) . The population living in urban households is nearly 38% (MoF 2016), and it consume about threefold energy as compared to the rural households. The rural households rely on minimal commercial energy resources and consume relatively biomass fuels particularly for cooking purposes because of limited financial resources (Rashid and Sahir 2015) . The emissions from use of biomass fuels have also been assessed; however, these emissions are not considered in the national GHG totals as per IPCC guidelines (IPCC 1997) . The commercial/ institutional sector involves activities such as cooking, lighting, space heating and cooling, pumping, running of appliances and equipment. Key energy sources used for this sector includes grid-based electricity, diesel, kerosene, LPG, and natural gas.
In 2012, the residential sector emitted 16.03 Tg CO 2 eq, of which 14.52 Tg were emitted as CO 2 , primarily due to fossil fuel combustion in the residential sector (Table 2 ). CH 4 and N 2 O emissions were 1.28 Tg CO 2 eq and 0.23 Tg CO 2 eq, respectively. The commercial/institutional sector emitted 4.70 Tg CO 2 eq, of which more than 99% was emitted as CO 2 (4.65 Tg CO 2 eq).
Agriculture/fisheries Main activities for agriculture/fisheries sector include fuels used in water pumps, grain drying, horticultural greenhouses, and other agriculture (stationary combustion) along with fuel combusted in generators and tractors on farm land and in forests (mobile combustion). The total diesel consumed in agriculture sector for stationary as well as mobile combustion in 2012 was 2.72 Mtoe (HDIP 2013; Pak-IEM 2011) . GHG emissions from the agriculture and fisheries sector are estimated at 8.52 Tg CO 2 eq, over 99% of the emissions were in the form of CO 2 (Table 2) .
Fugitive emissions
The extraction, production, processing, or transportation of fuels such as coal, oil, and natural gas involves substantial quantity of methane emissions to the atmosphere (IPCC 1997) . In 2012, fugitive CH 4 emissions for Pakistan are estimated at 13.21 Tg CO 2 eq (Table 2) . It constitutes 89% of the total CH 4 emitted from the energy sector. Methane emissions from both surface as well as underground mining of coal have been estimated by using IPCC default emission factors.
Additionally, the estimates combine the emissions occurring through mining and post-mining events. The emission factors used for underground mining and post-mining are 18 and 2.5 m 3 CH 4 /t, respectively (IPCC 1997) . The total estimated methane emissions from coal mining and handling in 2012 are estimated at 1.05 Tg CO 2 eq. On the other hand, in the case of oil and natural gas industries, methane emissions take place because of leakages, evaporation, and accidental/ unintentional releases that occur in the system (IPCC 1997; Harrison et al. 1996) . Emission factors used for estimating CH 4 emissions from oil and natural gas activities are taken as simple averages of IPCC default ranges, i.e., for oil production, transport, and refining 2.65 (0.3-5), 0.745, 0.745 (0.09-1.4) t CH 4 /PJ, respectively; for gas production, and processing-transmission-distribution 71 (46-96), 203 (118-288) t CH 4 /PJ, respectively (IPCC 1997) . Total methane emissions from oil and natural gas activities for the year 2012 are estimated at 12.16 Tg CO 2 eq. The activity data for estimating methane emissions from coal production and oil and natural gas activities is taken from Pakistan Energy Year Book 2012 (HDIP 2013). The total coal production was 1.62 Mtoe while total oil and gas production was 3.30 Mtoe and 32.04 Mtoe, respectively, in 2012 in Pakistan (HDIP 2013) .
Industrial processes
In 2012, the total GHG emissions from industrial processes were 19.41 Tg CO 2 eq. Eighty percent of the total CO 2 equivalent emissions from industrial processes were from mineral products followed by chemical industry (17%) and metal production (3%). Absolute emission estimates by sub-category in the industrial processes are shown in Fig. S1 (a) . Minerals like, cement production, soda ash, limestone, and dolomite use emitted 15.54 Tg CO 2 eq GHG emissions, out of which the cement production lead to an emission of 14.73 Tg CO 2 eq, limestone and dolomite use emitted 0.65 Tg CO 2 eq and soda ash use emitted 0.16 Tg CO 2 eq. Chemical industry includes GHG emissions produced during the processes involved in the production of chemicals (such as ammonia) and total of 3.28 Tg CO 2 eq was emitted by this sector in 2012. The emissions from metal industry are from production of iron and steel in Pakistan and a total of 0.59 Tg CO 2 eq was emitted from this sector which is 3% of the total GHG emissions from this source category in the industrial process sector.
Agriculture and LUCF sector
GHG emissions from agriculture are estimated at 161.91 Tg CO 2 eq, of which 83.79 Tg CO 2 eq is CH 4 and 78.12 Tg CO 2 eq is N 2 O in 2012. Enteric fermentation comprised 45% of the total CO 2 eq emissions from agriculture sector, 7% were from livestock manure management. Crop soils released additional 46% of the total CO 2 equivalent emission from agriculture sector. The remaining 2% of the total emissions form agriculture sector is attributed due to the rice cultivation and burning of crop residue (Fig. S1 (b) ). Table 3 presents GHG emissions from agriculture and LUCF sector. In 2012, total GHG emissions from LUCF sector were 9.67 Tg CO 2 eq.
Enteric fermentation in livestock released 73.73 Tg CO 2 eq. The estimates cover all livestock, namely, cattle, buffalo, sheep, goats, poultry, donkeys, camels, horses, and others. Manure management emitted 10.58 Tg CO 2 eq. Rice is an important food and cash crop in Pakistan. Rice accounts 4.9% of the value added in agriculture and 1.0% of GDP (MoF 2012). In 2012, the net sown area for rice in Pakistan was 2.57 million hectares while the production of the crop was an estimated 6.16 Tg (MoF 2012). Rice cultivation emitted 2.70 Tg CO 2 eq or 0.13 Tg of CH 4 . The source categories for rice cultivation emission comprise all types of water management performed for rice cultivation, specifically, rained, irrigated, upland rice, and deep water. The upland rice is zero emitters and irrigated intermittently flooded fields emit maximum methane per unit area. Burning of crop residue emitted 0.81 Tg CO 2 eq (0.024 Tg of CH 4 and 0.001 Tg of N 2 O). The total CO 2 equivalent emissions from rice cultivation and crop residue burning were 3.51 Tg CO 2 eq.
The main source for N 2 O emissions in agriculture sector is the use of nitrogenous fertilizers in the agricultural soils such as synthetic or organic fertilizers, and deposited manure. The total N 2 O emissions from agricultural soils in Pakistan is estimated to be 74.09 Tg CO 2 eq (0.24 Tg of N 2 O) in 2012. This constituted 46% of the total GHG emissions (CO 2 equivalent) from agriculture sector in Pakistan.
Waste
In Pakistan, the amount of solid waste generation is assessed in the range between 0.28 and 0.61 kg/capita/day and the growth rate for this waste generation is 2.4% per year (MoF 2016; Kawai and Tasaki 2016). The total GHG emissions from waste sector in 2012 in Pakistan were 10.55 Tg CO 2 eq, of which, 8.69 Tg CO 2 eq was released as CH 4 , and 1.86 Tg CO 2 eq as N 2 O. Municipal solid waste disposal on land is the main source of methane emission in Pakistan; it emitted 73% of the total CO 2 equivalent emissions from this sector. Twenty-seven percent of the emissions occurred from industrial waste water disposal and treatment. Fig. S1 (c) displays the absolute amounts of GHG emissions from waste sector along with the division of emissions across its subcategories.
In Pakistan, solid waste disposal in a systematic way is only carried out in the cities. This disposal may result in methane emissions because of aerobic conditions produced due to accretion of waste over the years. Emissions resulted from MSW generation and disposal has been estimated at 7.71 Tg CO 2 eq in 2012. The emissions from waste water disposal in industries and domestic waste water together provide waste water generation emissions which are estimated at 2.84 Tg CO 2 eq in 2012 in Pakistan.
Trends of GHG emissions and mitigation flexibility
Pakistan's Initial National Communication to the UNFCCC provides assessment of the 1994 GHG emissions. It may be noted that both the 1994 and 2012 assessments have been Table S2 of the supplementary section. Furthermore, a sectoral comparison of the emissions in 1994 and 2012 indicates that the emissions from energy, agriculture, and waste have increased at a faster rate as compared to industrial processes and LUCF sectors. The compounded annual growth rates for energy, agriculture, and waste sectors are 3.8, 4.6, and 4.9%, respectively. The GHG emission summary of Pakistan from all sectors in 2012 is provided in Table S3 of the supplement while sectoral shares of emissions are shown in Fig. 6 . The population in Pakistan in 2012 was 179 million approximately (MoF 2016). The per capita GHG emission is estimated to be 2.05 t of CO 2 equivalent per capita (Table S4. ). As a comparison, population in 1994 was 118 million and the per capita GHG emissions were 1.51 t of CO 2 equivalent per capita (Table S4) . Furthermore, total GHG emissions along with emission intensity and compound annual growth rate (CAGR) in 1994 and 2012 is given in Table S4 of the supplement. It is observed that large point sources in power and manufacturing industries such as oil-and gas-based power plants, cement and fertilizer plants, brick kiln, and iron and steel contribute a large share (27%) of national GHG emissions in Pakistan. Therefore, the national GHG mitigation efforts could be focused primarily on the large point sources as shown in Table S5 of the supplementary section. Improving operation and maintenance (O&M) of power plants and reducing transmission and distribution (T&D) losses in the power sector will be an effective strategy to mitigate GHG emissions. Apparently, T&D losses from power sector of Pakistan stood at 20.2% in 2014 (Khan and Ashraf 2015) . Implementation of energy efficiency measures in energyintensive industries such as cement, fertilizer, pulp and paper, and textile would improve industrial productivity and reduce GHG emissions simultaneously. GHG emissions originating from transport sector are widely dispersed across the country and contribute around 10% of national GHG emissions. While mitigating GHG emissions from transport sector in Pakistan may be expensive however, including co-benefits (reducing air pollutants and GHG emissions simultaneously) due to air pollution prevention strategies 2 and low carbon measures 3 would further enhance the cost effectiveness for transport sector (Amann et al. 2017; WHO 2011) . Agriculture sector contributes approximately 44% to CO 2 equivalent GHG emissions of Pakistan. GHG mitigation from agriculture sector requires considerable efforts as the sector is extensively dispersed throughout the country. Mitigation strategies may include crop and grazing land management and pasture improvement, management of organic soils, restoration of degraded lands, livestock and manure management, and bioenergy (Smith et al. 2008) . For GHG emission mitigation in Pakistan, it makes sense to target the largest oil-and gas-based thermal plants, largest fertilizer, and cement plants as the first step. Energy efficiency improvement measures and provision of renewable energy systems in industrial sector should be initiated for this purpose.
The government energy policy states that all domestic sources of energy, including coal, hydro, natural gas, wind, and solar will be fully harnessed in bridging the power sector supply shortfall. The government plans to achieve an optimal mix of coal, gas, and hydro potentials as long-term solution to present energy crisis (MoPDR 2014). The planned addition to the total installed capacity and prescribed energy mix will recognizably have an impact on the projected emissions of the energy sector. With regard to climate change, switching to renewables (particularly solar) instead of the planned coal- thermal power generation (Woods 2017 ) could lead to air quality improvement and GHG mitigation. In order to narrow the widening gaps between supply and demand of electricity and subsequently ensure reliable electricity supplies, the country needs to proceed gradually towards sustainable electricity for the nation in near future.
Conclusion and future perspective
For the year 2012, GHG emission inventory (including CO 2 , CH 4 , and N 2 O) for Pakistan is developed in this study. Total GHG emissions from different sectors of economy are estimated at 367 Tg CO 2 eq. For Pakistan, the per capita CO 2 equivalent emissions remained less than half of the world's average per capita GHG emissions in 2012. A comparison of the 1994 and 2012 GHG emission from Pakistan shows that even if GHG emissions in Pakistan during this 18-year period have increased at an annual rate of 4.1% and yet anticipated to increase more for meeting the national developmental goals (MoPDR 2014; Pak-IEM 2011) , the per capita emissions in Pakistan will however remain low when compared with the global average.
It may be notable that in order to have robust GHG emission inventory, the tier of methodology used would be the key component to be considered. The higher the tier of methodology employed, the emission inventory would be more country representative. As mentioned above, we have used IPCC tier 1 default methodology to develop GHG emission inventory for Pakistan primarily due to the absence of country-specific emission factors and emission inventory measurement systems. For improving the inventory emission estimations, there is a need to move up the tier ladder, i.e., towards using tier 2 or tier 3 methodologies. Considering the uncertainty for emission factors, default emission factors actually indicate a kind of compromise between the input activity data and the levels of detail necessary to generate the most precise emission estimates. Default methods are considered often as simplifications and may possibly present huge ambiguities into a national emission estimate. On the other hand, input activity data is directly related to the economic activity in the country. Therefore, it is inclined to have lower uncertainties as national agencies that collect and publish such data frequently may already assess the data uncertainties during their data collection processes.
In order to employ the higher tiers for GHG emission estimation methodology, it is essential for Pakistan to set up a proper institutional arrangement for developing GHG emission inventory periodically. Furthermore, transparent documentation of methodology and data used for emission inventory, establishing and documenting comprehensive QA/QC methods, establishing a proper archiving system for inventory; implementing key category analysis, and building an appropriate inventory improvement plan for the next GHG inventory are the key components necessary for a good national inventory system. It is therefore imperative for Pakistan to move from a project-based approach to a more internalized and institutionalized approach for preparing the GHG emission inventories. This will in turn facilitate the well-timed distribution of the essential information and more effective use of available means.
Pakistan's Ministry of Climate Change (MoCC) enacted National Climate Change Policy (NCCP) in September 2012 as legal framework of responses to climate change in the country. Moreover, MoCC built up an implementation framework for the NCCP in November 2013 to indicate middle-and long-term action plans. Since the framework incorporates partial action plans on GHG emission estimation and mitigation, a set of applicable provisions on the GHG inventory system can be set up by amending the framework. There must be given an arrangement of major legal provisions inside NCCP, and detailed provisions within the Implementation Framework of the NCCP in order to build up a GHG inventory system in Pakistan. In the future, it is clear that Pakistan in this regard may get advantage through creating a sustainable national GHG inventory management system while fully considering the national circumstances and limitations which at the moment is missing in the country.
